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Abstract
The goal of this project is to design and implement a new control system for the LEDs and
buttons on an existing Barrier Knockdown setup in the Cal Poly Kinesiology department. The Barrier
Knockdown test is a testing apparatus in which subjects knock down a series of mechanical barriers in
one of three patterns. The computer system times their reaction and movement time, and the test as a
whole provides students with data to study the phenomenon of Contextual Interference. This system
was previously controlled by an old computer setup that ultimately crashed. This project recreates the
logic and user interface with an Arduino and a Python executable application, and adds additional sensor
logic to automate the testing process.
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Introduction
Client
This project was requested during the Fall 2021 Pitch To Programmers event by Dr. Kellie Hall and
Eric Benson in the Cal Poly SLO Kinesiology Department. Dr. Hall uses the Barrier Knockdown apparatus
to perform a Contextual Interference Lab in some of her Kinesiology classes. The setup has also been
used in the past for research.

Stakeholders
The stakeholders for this project are primarily Dr. Hall and the Kinesiology students that would
use this experiment setup. My goal was to design the UI as simply and as clear as possible to give the
students the most clarity and options when performing this lab. I added UI pop-ups to clarify when
certain buttons would clear all existing data to prevent the case where a student might accidentally
delete all of their hard work. I also added a button to toggle from sensor mode to manual prompting
mode on the test in the case that the sensors fail and no one is around to troubleshoot the issue.

Framed Insights and Opportunities
My meetings with Dr. Hall defined the parameters of the testing process that were necessary for
the test to replicate its behavior on the previous computer system. We took a look at the previous
computer system while it was still running, but immediately after that the computer crashed and would
not restart. My next few meetings with Dr. Hall were to update her on the UI and breadboard mockup I
had made, to which she provided feedback that I added to the system. In early iterations of the project,
my UI did not record the test type (Acquisition, Transfer, or Retention) and Dr. Hall explained the need to
be able to track what kind of test was being performed. Dr. Hall also provided feedback on the fact that it
was important to have an equal number of Red, Green, and Blue trials in each experiment. Based on this,
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I added a running total of each color pattern that had been tested, and a button to add a singular test of
each type in the case that the software is unable to provide an equal number of each color pattern.
Aside from my meeting with Dr. Hall, much of my design process was focused on making the
software accessible to students. I wanted to make sure that the system could plug into a laptop with a
USB and be run by anyone who had the python files. I also wanted to make sure that my UI was intuitive,
so I consulted with the CPE advisor for this project, Dr, John Oliver, on how to clarify the controls. Based
on his feedback, I changed some of the organization of buttons, and added “Are you sure?” pop-ups
before state-changing behavior in the program.

Project Goals and Objectives
Goals
●

Replicate the previous functionality of the Barrier Knockdown setup

●

Make the setup able to connect to a laptop if necessary

●

Add sensors under each barrier to provide automated pattern- checking feedback

●

Provide a maintainable code base

●

Create a reliable system that allows the Kinesiology Department to perform their research

Objectives
●

Create a Python executable that controls an Arduino and a UI, and connect the functionality

●

Find a suitable sensor that will be able to accurately record when a barrier is tipped

●

Run the existing LEDs and buttons of off Arduino digital I/O pins

●

Implement a Finite State Machine for the operation of each trial

●

Implement code that prompts each color tests in all of the necessary testing patterns

●

Record data, and add the ability to save it to a csv after the experiment is done
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Project Deliverables
●

A python executable that runs an Arduino

●

A rewiring of the existing barrier setup to implement the Arduino and new sensors

Project Outcomes
The outcome of this project will be the ability for students to perform the Barrier Knockdown
Contextual Interference Lab where they were unable to previously. Additionally, the program will be
easier to use than the previous version due to its portability and automated sensor option. The python
executable is more portable because it can be run on any laptop and doesn’t require the PC setup from
the previous setup.
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Background
Contextual Interference is described in the Kinesiology textbook “Motor Learning and Control”
as “the interference that results from performing various tasks or skills within the context of practice.”
Experiments about this effect manage different amounts of contextual interference to show how
experiences that disrupt memory during practice affect retention of the thing being memorized. A
random arrangement of patterns is an example of high contextual interference because the
memorization of one pattern is always being disrupted by another one. A blocked arrangement of
patterns (such as all red, all blue, and then all green patterns) is an example of low contextual
interference. There is a continuum of interference patterns between these two extremes. When a high
amount of contextual interference results in better learning than a lower amount, this phenomenon is
referred to as the contextual interference effect. The Barrier Knockdown test this project works with is
based on the original Barrier Knockdown test done by Shea and Morgan (Magill & Anderson, 2017).

Figure 1: The Barrier Knockdown Setup
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The existing system for the Barrier Knockdown is pictured above. On the vertical board, there are
four Queue-Lights at the top of the board, and then a Start Light above each pattern (Blue, Red, the
Green). On the Horizontal board, there are six mechanical barriers and one button at either end of the
barrier array. The button closest to the subject is the start button. When the trial is running, one of the
Queue-Lights will light up to indicate which pattern the user will be doing. This eliminates the “choice
time” from their reaction time because they know what pattern they will be doing. Then, a random
amount of time between 1 and 3 seconds passes (so the subject cannot predict it) before the start light
of the same color lights up. This starts the reaction timer, which ends when the user releases the start
button. Then, the user knocks down barriers in the pattern indicated by the paper with the
corresponding color, and presses the finish button when done. The user interface prompts the test
proctor asking if the subject correctly performed the pattern. The proctor has to keep track of the
subject's movements to accurately report if the subject got the pattern right or not. This puts a lot of
work on the proctor’s end in terms of memory and setup. The time between the release of the start
button and the pushing of the end button is recorded as the movement time.
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Figure 2: Old Wiring Diagram

On the electrical side, the previous system used a LabView program to control the ADC, DAC, and digital
I/O. To power the lights, the circuit uses a High-Current Darlington Transistor Array component.

Formal Project Definition
Customer Requirements
●

The user must be able to fill in all of the test parameters (Subject Name, Subject Number,
Number of Trials, Test Type)

●

Be able to specify different interference patterns (Block, Random, Transitional, Serial)

●

The program must be able to run on a computer while connected to the system

●

Students need to be able to save the data
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Engineering Requirements
Spec. Number

Parameter
Description

1

Risk

Compliance

Input Fields for
Test Parameters

L

I

2

Interference
Pattern
Implementation

L

T

3

Run a set of
trials and
record data

Seconds

L

S

4

Save recorded
data

CSV file

L

I

5

Pattern
Checking based
on sensor
feedback
Drive LEDs with
digital I/O pins

L

T

M

I

L

I

6
7

Requirement
or Target Units

40 mA

Tolerance

Max

Manual pattern
checking mode
Table 1: Engineering Requirements

Customer and/or End-User Personas
The end-user I based this design on was a hypothetical student with no experience with Python
or coding at all. The application should be easy enough to open and operate without any Python or
Arduino experience. Either by opening the executable on their computer or on one that exists in the lab,
a student should be able to operate the entire test after a brief explanation from the professor.

Use Cases and/or User Stories
[I am not familiar with fully dressed use cases, is this something that makes sense here?]
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Design

Figure 3: High Level Project Diagram

Hardware Design
My project uses an Arduino Uno R3 to interface with the buttons, lights, and sensors. To see the
Pinout of connections, navigate to the Appendix. For the sensors under each Barrier, I tested a variety of
distance and light sensors. I ended up choosing photoresistors because they were the most simple and
robust, and easiest to replace if they are damaged. I drilled holes under each of the mechanical barriers
and wired in the photoresistors to the existing project board.

Figure 4: Final Wiring Setup
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Figure 5: Current System Wiring Diagram

In my initial tests of the system, I set up a prototype on a breadboard to simulate the LEDs,
buttons, and photoresistors with the software. I then obtained a Proto-Screwshield that fits on top of the
Arduino so that the final wire implementation will be more secure. The wires can all be screwed into the
terminals and the pull down resistors are soldered through the protoboard.
The LEDs on the board are Dialco Panel lights. In my initial testing, I used cheap LEDs, so I did not
anticipate the amount of current it would take to run the Dialco lights. It ended up being more than 40
mA which is the current capacity of the Arduino I/O pins. Like its previous iteration, this design will use
the High-Current Darlington Transistor Array component to draw power from a 6V wall plug to power the
lights when indicated by using the Arduino pin as a signal.

Software Design
The github for the code in this project is https://github.com/regchapuis/BarrierKnockdown.
To control the Arduino using a python script, I used the pyFirmata library. The initial Firmata logic
is loaded onto the Arduino once, and then the pyFirmata library can communicate with the Arduino after
that (Bruijn, 2010).
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To create the UI, I used the tkinter library. This library provides commands to run a simple
application window. I was able to connect the output of the buttons on the application window to the
pyFirmata commands so that the user can interact directly with the Arduino (Amos, 2022). Figure 5 is the
FSM for the UI side of the software. There is a higher level of complexity to the FSM handled by the trial
code itself. To see the Trials FSM, navigate to the Appendix.

Figure 6: UI FSM

Figure 7: The UI Window

In the picture above, the UI is in its parameter-input state. Once the test proctor clicks “Start”
the entry panels will be grayed out so that the data cannot change mid test. Every time a trial finishes
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the data gets added to the table in the top right corner. The third column keeps track of how many Red,
Green, and Blue trials have occurred, and gives the proctor the ability to immediately run a trial of their
choice if the count is not even.
The Manual Pattern Checking button toggles on a mode that does not use the sensors to
compute pattern correctness, and instead prompts the user after every test to ask if the subject got the
pattern correct.
Both the Clear Data and Reset buttons clear the current data and send the program back to the
parameter-input stage. Before this happens, there is a pop-up that warns the user this action will delete
all of the current data, and the user can press “ok” or “cancel”.

Data Entry Fields
●

Subject Name

●

Subject Number

●

Interference Pattern (Changes how the trails are presented)
o

Random: Randomly distributes the red green and blue trials, two and a row can be the
same but never three

o

Moderate: Gives trials in groups of five for each color

o

Transitional: transitions from blocks of five, to blocks of three, to a random distribution

o

Blocked: Each color takes up a third of the trials

o

Serial: the colored trials progress in order (Red, Green, Blue, Red, Green, Blue)

●

Number of trials

●

Test Type (For record keeping but does not affect functionality)
o

Acquisition

o

Transfer
13

o

Retention

Data Acquisition Fields
●

Reaction Time
o

●

Time between the lighting up of the start light to the release of the start button

Movement Time
o

Time between pressing the start button to pressing the end button
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System Testing and Analysis
Most of the testing for the software of the program was done using a breadboard setup. I used
an iterative process to test all of the states of the Finite State Machines for both the UI process and the
trial process.
As mentioned before, the LEDs that I did my initial testing with required significantly less current
than the Dialco lights. This was an oversight on my part, and when it came time to test the actual setup
the lights were dim and the output voltage for the pins was diminished. Upon inspecting the previous
circuit again I decided that the Transistor Array would also work for my implementation, and attached
that chip to the protoboard along with the 6V AC to DC converter.
Testing the photoresistors has mixed results depending on the light level of the room. Based on
the fact that this checking system was not 100% reliable, I added the Manual checking mode so that in
the event something goes wrong with either the photoresistors or the checking system, they can be
bypassed and just replicate the original behavior of the Barrier Knockdown software.
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Conclusion and Future Work
In summary, The result of my project is a functional user interface for the Barrier Knockdown
test. Students are able to run trials and collect data using a variety of contextual interference patterns.
The system is much more portable than before being that it is just off of an Arduino that connects to a
computer via USB. The system can be run on a laptop if needed. Using this device, one could accurately
collect data on the contextual interference effect.
If someone were to continue work on this project, something I did not have time to account for
was adaptability to new or additional patterns. This program is practically hard coded to handle three
patterns, but the vision for the fourth LED is that if the testers wanted to add a fourth pattern, they
could. The current software implementation does not handle more than the three. Also, for the pattern
checking code, the current Red, Green, and Blue patterns are defined in the code. Someone could go
into the code and change them, but ideally there would be a part of the GUI that allows for the changing
of patterns. Additionally it would be good to look into increasing the reliability of the photoresistors.
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Reflection
In this project, I felt like I was able to prove to myself that I was capable of designing and creating
an entire system all on my own. It was very empowering for me to see myself able to use all of the skills I
have picked up through my four years of college to complete this project.
I definitely made a lot of mistakes along the way and I think those made me more aware of
where my personal blind spots are when it comes to design and planning. Initially, I spent a long time
deciding on how to set up the Arduino using Arduino code. I’m glad that I ended up going through the
options meticulously enough to find pyFirmata but I wish I had been more timely about finding it and
starting to use it because I sunk a lot of time into coding in the latter half of that quarter. I also made the
key mistake with the LEDs, and then proceeded to pop the transistor because I mixed up power and
ground. That was a pretty big morale killer in the last week of the project but it’s made me more
confident that I can see things through until the end even in the face of frustrating mistakes.
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Appendices
Parts List
Part

Quantity

Link

Arduino Uno R3

1 https://docs.arduino.cc/hardware/uno-rev3

Arduino Protoboard

1 https://www.adafruit.com/product/196

Photoresistor

https://www.amazon.com/eBoot-Photoresist
or-Sensitive-Resistor-Dependent/dp/B01N7V
536K/ref=sr_1_8?crid=T16LLMQY4WWP&key
words=arduino+photodiode&qid=164882674
0&sprefix=arduino+photodiode%2Caps%2C14
6 6&sr=8-8

Dialco Lights

https://www.dialight.com/wp-content/uploa
ds/2021/07/Dialight_PMI_catalog_April2021.
6 pdf

High-Current Darlington Transistor Array

https://www.ti.com/lit/ds/symlink/uln2003a.
pdf?ts=1654523249579&ref_url=https%253A
%252F%252Fwww.ti.com%252Fproduct%252
1 FULN2003A%253FkeyMatch%253DULN2003

Pinout

Arduino Pin

Connected To

IOREF

Arduino Pin

Connected To

SCL

Protoboard
Pins

Connected To

W

Power Supply
GND
Power Supply
6V

RESET

SDA

X

3V

AREF

Y

5V

PhotoResistors
and Buttons
PWR
GND

Z

GND
GND
VIN

D13
LEDs GND

D12
D11

Red Queue LED

D10

Blue Queue LED
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A0

Photoresistor 0,
Pulldown
Resistor
D9

Green Start LED

A1

Photoresistor 1,
Pulldown
Resistor
D8

Red Start LED

A2

Photoresistor 2,
Pulldown
Resistor
D7

Blue Start LED

A3

Photoresistor 3,
Pulldown
Resistor
D6

Green Queue
LED

A4

Photoresistor 4,
Pulldown
Resistor
D5

A5

Photoresistor 5,
Pulldown
Resistor
D4
D3

End Button

D2

Start Button

D1/TX
D0/RX
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Trial Logic FSM

21

Wiring Diagram
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